Abstract: Malignant ascites affects approximately 10% of patients with recurrent epithelial ovarian cancer and is associated with troublesome symptoms, including abdominal pressure and distension, dyspnea, bloating, pelvic pain, and bowel/bladder dysfunction. To date, no effective therapy has been identified for the treatment of malignant ascites in patients with recurrent, advanced ovarian cancer. In this article, we discuss currently existing options for the treatment of ascites associated with ovarian cancer, and review the literature as it pertains to novel, targeted therapies. Specifically, preclinical and clinical trials exploring the use of the antiangiogenic agents, bevacizumab and vascular endothelial growth factor-trap, as well as the nonangiogenic agent, catumaxomab, will be reviewed. Despite current limitations in treatment, knowledge regarding management options in the palliation of ascites is critical to practicing physicians. Ultimately, as with all novel therapies, symptom relief and treatment goals must be weighed against patient discomfort and potentially significant adverse events.
Introduction
Epithelial ovarian cancer accounts for 25% of all malignancies affecting the female genital tract, and is the most lethal gynecologic malignancy. In 2012, there will be an estimated 22,280 new ovarian cancer cases in the US, with 15,500 deaths. 1 Advanced epithelial ovarian cancer is traditionally managed with cytoreductive surgery, followed by combination platinum and taxane chemotherapy. 2 Patients with advanced disease who undergo successful cytoreductive surgery with no gross residual disease have a median survival of just over 5 years after completion of adjuvant chemotherapy. 3 However, despite aggressive treatment, the majority of these patients develop recurrent cancer, with selection of chemotherapy-resistant clones. 4 The subset of patients that develops recurrent disease comprises a population that traditionally faces extended exposure to multiple cytotoxic chemotherapy regimens, dictated by their disease-free interval. [5] [6] [7] [8] Throughout this period, management of disease-associated morbidities becomes a priority in an effort to improve quality of life.
Malignant ascites, which affects approximately two-thirds of patients with epithelial ovarian, primary peritoneal, and fallopian tube cancer is common, and to date few effective therapies have been identified. 9 Importantly, ascites is associated with troublesome symptoms, including abdominal pressure and distension, dyspnea, bloating, pelvic pain, and bowel/bladder dysfunction. 10 Malignant ascites is defined by the National Cancer Institute as an accumulation of fluid containing cancer cells in the abdomen. patients with epithelial ovarian cancer and ascites at the time of diagnosis can expect 5-year survival rates approaching 40%. 11, 12 This discrepancy is largely attributable to the biology of ovarian cancer, and subsequent etiology of abdominal fluid accumulation. Specifically, malignant ascites in patients with epithelial ovarian cancer is thought to be attributable to lymphatic obstruction, increased vascular permeability release of inflammatory cytokines, and a direct increase of fluid production by the cancer cells lining the peritoneal cavity. 13, 14 Upfront treatment of patients with advanced epithelial ovarian cancer, irrespective of the presence or absence of ascites, relies on a combination of aggressive cytoreductive surgery and adjuvant chemotherapy. The goal of surgical cytoreduction is to reduce disease burden to #1 cm (defined as optimal cytoreduction by the Gynecologic Oncology Group). As a result of optimal cytoreduction, these patients experience effective control of their ascites. Unfortunately, despite improvement in surgical management, only a small fraction of patients are cured following primary surgery and chemotherapy, with greater than 75% experiencing disease recurrence. Repeat attempts at surgical excision are only performed in selected patients with prolonged disease-free intervals, localized disease recurrence, and good performance status. The remaining patients are managed with systemic therapies. Accumulation of ascites affects patients with progressive disease or treatment failure, and must be managed in order to maintain overall quality of life. 15 Historically, malignant ascites in patients with epithelial ovarian cancer was treated utilizing diuretics, salt restriction, and intraperitoneal administration of sclerosing agents and radioactive isotopes. 16, 17 Patients with malignant ascites secondary to epithelial ovarian cancer rarely suffer from fluid accumulation due to intraparenchymal liver metastasis, and portal hypertension is rarely identified. Rather, these patients traditionally exhibit reduced intravascular volume, making use of diuretics an unattractive option. 18 With respect to the use of radioactive isotopes, poor tumor penetration and intestinal toxicity (necrosis and perforation) due to loculations and prolonged exposure have caused them to fall out of favor. Limited success rates, in combination with significant side effects, have resulted in infrequent use of these modalities.
Mechanical drainage of accumulated ascetic fluid via therapeutic paracentesis results in relief in up to 90% of patients. 19 However, recurrence/reaccumulation of ascites is common, and multiple paracenteses are required, with their associated risks of pain, visceral perforation, infection, and formation of hematoma. 11, 20 Furthermore, these patients are likely to have intra-abdominal adhesions as a result of extensive surgical cytoreduction, and the resultant fluid loculations limit the therapeutic benefit derived. 21 Alternatively, placement of permanent intra-abdominal drains and peritoneovenous shunts has been explored. Experience with these modalities has been poor, with blockage of the shunt, infectious morbidity, as well as embolization and implantation of tumor cells in distant organs reported to be relatively common complications. 17, [22] [23] [24] [25] Given the above, exploration of innovative approaches for the treatment of malignant ascites in patients with advanced epithelial ovarian cancer has been a clinical priority. With advances in our understanding of cancer biology, novel therapeutic targets have been identified. Specifically, the relationship between angiogenesis and epithelial ovarian cancer has been elucidated over the last decade, and strategies developed to interfere with this process have shown promise in the control of ascites associated with epithelial ovarian cancer. This mini review article discusses the role of emerging therapies targeting angiogenesis in the management of ascites, and summarizes the currently available data in the literature.
Angiogenesis and ascites
Under normal homeostatic conditions, excluding wound healing and embryonic development, a balance exists between proangiogenic and antiangiogenic signals, resulting in a quiescent vascular environment. However, within the tumor microenvironment, aberrant signaling has been shown to favor the proangiogenic cascade, resulting in formation of new vessels. 26, 27 The formation of new blood vessels, a process termed angiogenesis, is essential for tumor growth beyond 1-2 mm 3 . This process is mediated via the vascular endothelial growth factor (VEGF) family of growth factors and receptors, and is believed to be essential for tumor growth and ascites formation. Furthermore, these tumor vessels, formed under the influence of VEGF, are disorganized, tortuous, and leaky. 28 Inhibition of VEGF-mediated signaling leads to "normalization" of this tumor vasculature, as well as improved oxygen, nutrient and chemotherapy delivery, and is believed to result in increased tumor toxicity and decreased formation of ascites fluid. 8 VEGF expression has been repeatedly demonstrated in epithelial ovarian cancer tissue specimens, and the degree of expression of VEGF and its receptors has been shown to correlate with a poor prognosis. 29, 30 VEGF-A (commonly known and referred to as VEGF) was first identified and cloned in 1989. 31 In a series of molecular biology and animal model studies, VEGF was noted to be a potent mitogen for submit your manuscript | www.dovepress.com
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endothelial cells in vitro and acted as an angiogenic molecule in vivo. In addition to VEGF, the VEGF family is composed of VEGF-B, VEGF-C, VEGF-D, VEGF-E, and the placental growth factors, PlGF-1 and PlGF-2. [32] [33] [34] The most important member of this group is VEGF itself, which appears to play a principal role in angiogenesis.
VEGF binds to and interacts with a series of receptor tyrosine kinases known as VEGFR-1, VEGFR-2, and VEG-FR-3, as well as accessory receptors known as neuropilins. 35 It appears that signal transduction through VEGFR-2 mediates the permeability actions of VEGF, as evidenced by the fact that VEGFR-2 gene knockout mice fail to develop vasculature and have sparse endothelial cells. 36 It is hypothesized that as cancerous cells multiply and the tumor mass grows, there is secretion of VEGF, promoting neovascularization, allowing for nutrient delivery, and facilitating metastasis. In cases of disseminated intra-abdominal metastatic disease, both increased production of peritoneal fluid by the cancer cells, and increased microvascular permeability result in significant ascites. In addition, investigators have shown increased VEGF protein levels in malignant ascites compared with levels in nonmalignant cirrhotic controls.
37
VEGF inhibition for treatment of malignant ascites VEGF-specific monoclonal antibody
Given the apparent dependence of ascites formation on abnormal tumor vascularity and permeability, it was hypothesized that VEGF inhibitors would show efficacy in the treatment of ascites associated with ovarian cancer (Figure 1 ). In preclinical nude mouse models of advanced ovarian cancer, inhibition of VEGF signaling was associated with a marked decrease in ascites formation and tumor burden. [38] [39] [40] Furthermore, it has been shown that malignant effusions derived from tumorbearing mice and guinea pigs contain high concentrations of VEGF. 41 VEGF production by cancer cells has been shown to correlate directly with tumor-cell induced production of ascites in animal models. 41 Strikingly, direct transfection of mouse peritoneum with VEGF alone is sufficient to cause accumulation of peritoneal effusions.
This strong preclinical evidence catalyzed the investigation of bevacizumab for the palliation of symptomatic ascites in patients with heavily pretreated recurrent ovarian carcinoma (Table 1) . 42 Numnum et al described four patients with recurrent ovarian cancer and ascites requiring frequent paracentesis who were treated with intravenous bevacizumab at a dose of 15 mg/kg every 3 weeks. All four patients demonstrated symptomatic relief of ascites, with manageable toxicity. No therapeutic paracenteses were required after initiation of treatment with bevacizumab (follow-up of up to 6 months). 42 In an analogous manner, Hamilton et al described a case report detailing the impact of intraperitoneal bevacizumab (5 mg/kg) on severe symptomatic ascites in an elderly patient with advanced, recurrent ovarian cancer and very poor functional status. 43 The authors reported a dramatic improvement in ascites and quality of life parameters following two doses. Two additional case reports described the off-label use of bevacizumab in 10 patients with refractory ascites and significant disease burden. 44 Relief of ascites was seen in all subjects, lasting 2-6 months. 41 The largest of these reports, described by El Shami et al 61 investigated the efficacy and safety of bevacizumab (5 mg/kg administered intraperitoneally every 4 weeks) in nine patients with refractory ascites secondary to colorectal, breast, uterine, and ovarian cancer. 41 Remarkably, the malignant ascites resolved in all treated patients after a single dose, without reaccumulation over a median observation period of more than 2 months.
vEGF-trap
VEGF-trap, a fusion protein that prevents VEGF receptor binding, has also been studied in the treatment of refractory ascites. In contrast with the antibody-based VEGF binding strategy used by bevacizumab, VEGF-trap, or aflibercept, incorporates the second binding domain of the VEGFR-1 receptor and the third domain of the VEGFR-2 receptor (Figure 2) . 45 By fusing these extracellular protein sequences to the Fc segment of a human IgG backbone, developers created a chimeric protein with a very high VEGF binding affinity, binding all isomers of the VEGF-A family. 45, 46 Of note, it has also been shown to bind VEGF-B and placental growth factor, with uncertain clinical implications.
Preclinical xenograft animal models have shown that VEGF-trap is effective in inhibiting tumor growth and angiogenesis, reducing blood vessel density, inhibiting metastasis, and improving survival. 38, 47, 48 Hu et al investigated the impact of VEGF-trap on ascites formation in a mouse model of ovarian cancer. 49 Following intraperitoneal administration of VEGF-trap and paclitaxel, complete resolution of ascites was noted, with a 98% reduction in tumor burden. Furthermore, no measurable ascites developed in the population treated with VEGF-trap. Tumor vessel imaging showed sparse, short vessels in treated mice as compared with controls, in which vessels were numerous, irregular, tortuous, and leaky. 
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In 2003, Byrne et al reported that single-agent aflibercept significantly reduced both ascites and tumor burden in experimental models of ovarian cancer. 38 The safety and tolerability of VEGF-trap were evaluated in a Phase I clinical trial conducted by Lockhart et al. 50 A total of 47 patients (14 of whom had ovarian, peritoneal, or fallopian tube cancer) were enrolled from two institutions. The dose ranged from 0.3 mg/kg to 7.0 mg/kg given intravenously every 2 weeks. The most common adverse events were fatigue, nausea, and vomiting. Within this cohort, three partial responses were observed according to RECIST (Response Evaluation Criteria in Solid Tumors) criteria, one at the 3.0 mg/kg and two at the 7.0 mg/kg dose level. The authors concluded that VEGF-trap, when administered intravenously, was well tolerated at the dose levels tested. 50 Several single-agent and combination Phase II clinical trials have explored the safety and efficacy of VEFG-trap in the treatment of ascites associated with advanced solid tumors, including ovarian cancer. 51, 52 Two recently published trials investigated the use of VEGF-trap in the treatment of advanced epithelial ovarian cancer and symptomatic malignant ascites.
Colombo et al enrolled 16 patients with advanced chemoresistant epithelial ovarian cancer and symptomatic malignant ascites into an open-label Phase II trial assessing the efficacy and safety of aflibercept. 53 Patients who required $ 3 previous paracenteses at 1-4 paracenteses per month received intravenous aflibercept at a dose of 4 mg/kg every 2 weeks. The primary endpoint was repeat paracentesis response rate, with response defined as at least a two-fold increase in time to repeat paracentesis compared with the baseline interval. Ten of the 16 enrolled patients achieved a response; the repeat paracentesis response rate was 62.5% (95% confidence interval 35.4-84.8, Table 2 ) in these patients. Aflibercept was considered effective based on a hypothesis that the repeat paracentesis response rate was $60%. Median time to repeat paracentesis was 76.0 days (95% confidence interval 64.0-178.0), which was 4.5 times longer than the baseline interval (16.8 days, Figure 4 ). Adverse events reported as part of the study included hypertension (seven patients), headache, anorexia, and dysphonia (three patients each). 53 Only two subjects experienced grade 3/4 treatment-related adverse events, ie hypertension and weight loss, and one patient developed intestinal perforation.
A similar study conducted by Gotlieb et al specifically explored treatment of malignant ascites in patients with advanced epithelial ovarian cancer using aflibercept. 54 In this double-blind, placebo-controlled, parallel-group, Phase II study, patients with advanced chemoresistant ovarian cancer and recurrent symptomatic malignant ascites were randomly assigned to receive either intravenous aflibercept (4 mg/kg every 2 weeks) or placebo, stratified according to time interval (#2 weeks versus .2 weeks) between the two most recent paracenteses before randomization. 54 The primary efficacy endpoint was time to repeat paracentesis. A total of 55 patients with a median of four (range 2-11) previous lines of chemotherapy were randomly assigned to receive placebo (n = 26) or aflibercept (n = 29). Mean time to repeat paracentesis was significantly longer with aflibercept than with placebo (55.1 versus 23.3 days; difference 31.8 days, 95% confidence interval 10.6-53.1; P = 0.0019). Notably, in the aflibercept group, two patients did not need a repeat paracentesis during six months of double-blind treatment. In this subset of heavily pretreated patients with advanced ovarian cancer, three gastrointestinal perforations were noted in the aflibercept group, and one intestinal fistula was identified in the placebo group.
Nonangiogenic targeted therapies used for malignant ascites Trifunctional antibody catumaxomab
In addition to the VEGF-directed antibodies, bevacizumab and VEGF-trap, alternate targeted agents have been investigated in the treatment of ascites. Catumaxomab is a trifunctional monoclonal antibody with two different 55, 56 The two specific antigen-binding sites bind to epithelial tumor cells via the epithelial cell-adhesion molecule (EpCAM) and to T cells via CD3. In addition, catumaxomab activates Fcγ receptor I-positive, IIa-positive, and III-positive accessory cells (dendritic cells, macrophages, and natural cells) via its functional Fc domain (Figure 3) . 55, 56 The functionality and selectivity of this novel antibody rely on the fact that tumor cells in effusions associated with malignant ovarian cancer have been shown to express EpCAM in 70%-100% of cases, while the mesothelial cells lining the peritoneal cavity lack expression. 57 Following binding with EpCAM, catumaxomab recruits and activates of immune effector cells, resulting in its antineoplastic activity.
Intraperitoneal administration of catumaxomab was first studied in the treatment of eight patients (two of whom had ovarian cancer) with malignant ascites in 2005. 58 All patients had .2% EpCAM expression via flow cytometry on nuclear ascites cells. Trifunctional antibodies were administered intraperitoneally over 6-8 hours for at least four cycles. Seven of eight patients required no further paracentesis during follow-up or until death, with a mean paracentesisfree interval of 38 weeks (median 21.5, range 4-136). A clinical response with disappearance of ascites was seen in all patients, and correlated with elimination of tumor cells (P = 0.0014). 58 Following this study, a multicenter Phase I/II clinical trial was conducted evaluating the tolerability and efficacy of intraperitoneal catumaxomab in ovarian cancer patients with malignant ascites containing EpCAM-positive tumor cells. 59 Twenty-three women with recurrent ascites due to pretreated refractory ovarian cancer were treated with 4-5 intraperitoneal infusions of catumaxomab at doses of 5-200 µg over 9-13 days. Treatment with catumaxomab resulted in significant and sustained reduction of ascites. Twenty-two of 23 patients did not require paracentesis between the last infusion and the end of the study at day 37. 59 The most commonly reported grade 2/3 adverse events in the study were fever, nausea, and vomiting.
Recently, a prospective, randomized Phase II/III study was conducted comparing the efficacy of catumaxomab plus paracentesis with paracentesis alone in the treatment of malignant ascites. 57 Following paracentesis, catumaxomab was administered at doses of 10, 20, 50, and 150 µg on days 0, 3, 7, and 10, respectively, via an intraperitoneal catheter. The primary efficacy endpoint was puncture-free survival. Secondary efficacy parameters included time to next paracentesis, signs and symptoms of ascites, and overall survival. Puncture-free survival was significantly longer in the catumaxomab group (median 46 days) than in the control group (median 11 days, hazards ratio 0.254; P , 0.0001), as was the median time to next paracentesis (77 versus 13 days; P , 0.0001, Figure 5 ). Within the ovarian cancer cohort, median puncture-free survival was 52 days in the catumaxomab arm versus 11 days in the placebo arm (hazards ratio 0.205; P , 0.0001). In addition, catumaxomab patients had fewer signs and symptoms of ascites than control patients. The most common adverse events included fever, abdominal pain, nausea, and vomiting (Table 3) . One patient had a grade 3 gastric hemorrhage. Findings from the above trials ultimately resulted in approval by the European Medicines Agency for catumaxomab for the treatment of malignant ascites in patients with EPCAM-positive tumors for whom no standard therapy is available. 13 Given the mouse-rat origin of catumaxomab, limitations in retreatment were anticipated due to formation of human antidrug antibodies. However, in 2011, Pietzner et al described a case of successful retreatment with catumaxomab for the management of malignant ascites. 60 A 74-year-old female patient with breast cancer and ascites associated with peritoneal carcinomatosis was treated with catumaxomab, with resolution of her symptoms. The patient remained puncturefree for 45 days, and evaluation of human antidrug antibody levels demonstrated increased levels after cycle 1, followed by a considerable decline and a delayed increase in ascites for each subsequent cycle. This experience suggested that a repeat cycle of catumaxomab might be feasible and effective in patients suffering from recurrent malignant effusions.
Conclusion
Malignant abdominal effusions affect a significant proportion of patients suffering from advanced ovarian cancer, and are associated with troubling symptoms including abdominal pain, dyspnea, bloating, weight loss, and bowel and bladder dysfunction. The biology of the disease and its propensity for peritoneal spread are unique, predisposing patients to formation of ascites. To date, no consensus has been reached regarding the treatment of ascites in patients with ovarian cancer. Traditional treatment methods, including salt restriction, diuretics, sclerosing agents, radioactive isotopes, paracentesis, and shunt placement, have shown limited and variable efficacy with significant toxicities.
More recently, targeted therapies have emerged as promising alternatives for the management of malignant effusions. Our understanding of the contribution of angiogenesis to ascites formation has resulted in the study of the antiangiogenic antibodies, bevacizumab and VEGF-trap, which have shown clinical efficacy in cohorts of heavily pretreated patients. In addition, the trifunctional antibody, catumaxomab, has shown positive signals in the treatment of malignant ascites. Ultimately, as with all novel therapies, symptom relief and treatment goals must be weighed against patient discomfort and potentially lethal adverse events. Careful patient selection and identification of risk factors to help reduce significant side effects associated with treatment are required. Further comparative studies and quality of life assessments are warranted before incorporation of these agents into daily practice. 
